Introduction
Phenolic compounds have found various uses, such as preservatives and disinfectants. They have also been employed as raw materials for drugs, pesticides, synthetic fibers, resins, and dyes. Thus, they are discharged from a variety of industrial plants to environmental water. Moreover, chlorinated phenols are also found in drinking water as a result of chlorination. 1 Due to their toxicity to fish and other aquatic organisms, some phenols have been listed as high-priority pollutants by the US Environmental Protection Agency. 2 Many analytical methods, including gas chromatography (GC), liquid chromatography (LC), and spectrophotometry have been developed to determine phenolic compounds. GC is mainly used for the determination of individual phenolic compounds, while spectrophotometry is used for the determination of the total phenolic content. In addition, GC analysis requires the derivatization of phenolic compounds. 1, 2 Thus, spectrophotometry based on the oxidative coupling reaction of phenolic compounds with 4-aminoantipyrine in alkaline solution is a standard method for examining water and waste water in various countries. In this method, phenol and ortho-and meta-substituted phenols can be determined. In addition, para-substituted phenols carrying carboxyl, halogen, methoxyl, or sulfonic acid groups also react with 4-aminoantipyrine to form an antipyrine dye. Thus, the intensity of the antipyrine dye varies according the kind, position, number, etc. of the substituents. Therefore, phenol is employed as a standard in the spectrophotometric procedure. The color intensity of the antipyrine dye formed from the reaction of various phenolic compounds has been compared with that of the antipyrine dye formed from phenol. [1] [2] [3] It has been reported that the highest color intensity is obtained in an ammonia alkaline solution. 4 If a sample does not contain interferences, such as oxidizing substances, reducing substances, aromatic amines, and oils, it is possible to determine the phenol levels directly without distillation. Liquid-liquid extraction with chloroform is used to concentrate the antipyrine dye for the determination of low levels of phenolic compounds in water. [1] [2] [3] Various oxidizing reagents, such as potassium hexacyanoferrate(III), [1] [2] [3] [4] peroxidase and hydrogen peroxide, 5,6 iodine 7 and, peroxodisulfate [8] [9] [10] [11] [12] [13] have also been reported as oxidizing reagents in the 4-aminoantipyrine method. Potassium hexacyanoferrate(III) is commonly used; however it leads to color fading of the antipyrine dye. 8, 14 Ochynski reported that color fading could be prevented by using peroxodisulfate instead of potassium hexacyanoferrate(III). 8 Solid-phase extraction methods were proposed as pretreatments for GC [15] [16] [17] [18] [19] and LC [20] [21] [22] [23] analysis. The concentration of the antipyrine dye [24] [25] [26] formed in the presence of potassium hexacyanoferrate(III) has also been reported. The use of potassium hexacyanoferrate(III) can lead to unwanted wastes containing cyanide. Solid-phase extraction methods for the concentration of the antipyrine dye formed from various phenolic compounds in ammonia alkaline solution using peroxodisulfate have not been reported. Therefore, a solid-phase extraction that does not involve potassium hexacyanoferrate(III) was developed.
Herein we report on the solid-phase extraction of antipyrine dye to determine various phenolic compounds in water. The conditions of the antipyrine dye formation, its collection on the In order to determine phenolic compounds in water, we propose a method based on the reaction of phenolic compounds with 4-aminoantipyrine in the presence of peroxodisulfate at pH 10 to form antipyrine dye and the solid-phase extraction of dye with a Varian Bond Elut Plexa cartridge. Dye collected on the cartridge is eluted with acetonitrile and the absorbance is measured at 475 nm. In our experiments, recovery ratios of >90% were obtained for phenol, ); the detection limit was 0.0011 μg ml -1 . Recovery tests using river water, waste water, and sewage influent gave highly satisfactory results. solid-phase and the elution were studied. Solid-phase extraction of the antipyrine dye with a Bond Elut Plexa cartridge for the spectrophotometric determination of phenolic compounds was developed. The detection limit of the proposed method was 0.0011 μg ml -1
. Good results were obtained in recovery tests using river water, waste water, and sewage influent.
Experimental

Apparatus
A UV-1650PC spectrophotometer (Shimadzu) with a 10-mm glass cell was used for measuring the absorbance. A peristaltic pump (Type AC-2110, ATTO) was used for passing the coloring solution through a solid-phase column. An AU220 electronic balance (Shimadzu) was used for measurements of various reagents. A Bond Elut Plexa cartridge (styrene-divinylbenzene, packing volume 6 ml) obtained from Varian Co. was used as the collection column of the antipyrine dye.
Reagents
All reagents were of analytical grade and were used as received. Distilled water was used throughout the study. A phenol stock solution (1000 mg l -1 ) was prepared by dissolving 100 mg of phenol in 2 ml of a sodium hydroxide solution (1 mol l -1 ) and diluting to 100 ml with water. Phenol working solutions of various concentrations were prepared daily by appropriate dilutions of the phenol stock solution with water. Other phenolic compound working solutions were prepared in a similar manner.
The ammonia buffer solution (pH 10, 9.8 mol l -1 ) was prepared by dissolving 67.5 g of ammonium chloride in 570 ml of ammonia and diluting to 1000 ml with water. The 4-aminoantipyrine solution (98 mmol l -1 ) was prepared by dissolving 2.0 g of 4-aminoantipyrine in 100 ml of water. An ammonium peroxodisulfate solution (88 mmol l -1 ) of pH 10 was prepared by dissolving 2.0 g of ammonium peroxodisulfate in 80 ml of water, while adjusting to pH 10 by the addition of a potassium hydroxide solution (2 mol l ) and diluting to 100 ml of water.
Procedure
The column (Bond Elut Plexa cartridge) was cleaned with 10 ml of acetonitrile and 10 ml of distilled water prior to use. A 50-ml sample containing 0.20 -15 μg of phenol was taken into a 50-ml test tube with a ground stopper. The pH of the sample was adjusted to about 10 by adding 1 ml of ammonia buffer solution, followed by the addition of 1 ml of each 4-aminoantipyrine solution and ammonium peroxodisulfate solution. The thus-prepared solution was left standing for 10 min at room temperature, and then the colored solution was passed through the column at 10 ml min -1 . The column was washed with 10 ml of distilled water and dried by passing air for 5 min. The antipyrine dye collected on the column was eluted with 5 ml of acetonitrile. The absorbance of the eluate was measured at 475 nm.
Results and Discussion
Optimization of antipyrine dye formation
In the 4-aminoantipyrine method, a red compound is formed as a result of auto-oxidation of 4-aminoantipyrine at pH ≤8.
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The effect of the pH on the color development in a phenol working solution (4.0 μg ml -1 ) was studied by the addition of an ammonia buffer solution (5.0 mol l -1 ) of pH 9 -11. The absorbance was almost constant at pH 9.5 -11. The ammonium chloride-ammonia buffer solution (pH 10) was chosen for further study. The effect of the pH peroxodisulfate solution on the color development was also investigated. The ammonium peroxodisulfate has high solubility, and it is easy to control the reagent concentration. The experiment was carried using ammonium peroxodisulfate solutions (88 mmol l -1 ) of pH 1.8, 9, 10, 11, and 12. When an ammonium peroxodisulfate solution of pH 1.8 was used, the blank value was higher than that obtained by the addition of other ammonium peroxodisulfate solutions. A red compound from the auto-oxidation of 4-aminoantipyrine was formed in solutions with low pH values. Corrected values of subtracted blanks were similar to each other. An ammonium peroxodisulfate solution of pH 10 was employed.
The amounts of the ammonia buffer solution (pH 10, 9.8 mol l -1 ), 4-aminoantipyrine solution (98 mmol l -1 ), and ammonium peroxodisulfate solution (pH 10, 88 mmol l -1 ) were optimized. A constant absorbance value was obtained at ammonium-ammonia concentrations of 0.020 -0.19 mol l -1 in the final aqueous solution, as shown in Fig. 1 . Therefore, 1 ml of the ammonia buffer solution was added to adjust a suitable concentration (0.19 mol l -1 ) in the procedure. The suitable concentration of 4-aminoantipyrine in the final aqueous solution was 1.8 mmol l -1 or above, as shown in Fig. 2 ; also, 1 ml of a 4-aminoantipyrine solution was determined as the optimum volume to obtain a suitable concentration (1.8 mmol l as shown in Fig. 3 . Therefore, 1 ml of the ammonium peroxodisulfate solution was chosen as the optimum volume in the procedure. The stability of antipyrine dye in the aqueous solution was studied according to a procedure without solid-phase extraction. A constant absorbance was obtained from 10 to 60 min after the addition of reagent solutions. Color development was carried out for 10 min.
Solid-phase extraction of antipyrine dye
The flow rate of the colored solution through the column, the time of passing air to dry the column, and the eluent were investigated in order to determine the optimum conditions for solid-phase extraction of the antipyrine dye. The flow rate was controlled with a peristaltic pump. Once the antipyrine dye was formed using 50 ml of a phenol working solution (0.2 μg ml -1 ), the colored solution was passed through the column at a rate of 5 -20 ml min -1 . The absorbance of the solution was measured at both 510 nm before and after passing through the column. The collection ratio of antipyrine dye in the column was calculated by a comparison between the absorbance of the solutions before and after passing through the column. The collection ratio obtained was nearly 100% in the range 5 -15 ml min -1 . Therefore, a flow rate at 10 ml min -1 was selected. The time of drying the column was optimized by passing air through the column at 10 ml min -1 over a timeframe of 0 -30 min. A constant absorbance was obtained under the experimental conditions, but the color gradually increased over time as the remaining 4-aminoantipyrine was oxidized in cases where no drying was performed. Therefore, air was passed through the column for 5 min. Various solvents were investigated as eluants. The stability of the color intensity in acetone or acetonitrile was higher than those in methanol or ethanol. Acetonitrile was chosen to elute the antipyrine dye from the column. Acetonitrile values of 60, 80, and 100% were also investigated. A 100% of acetonitrile concentration was selected because of its high sensitivity. The elution ratio was calculated by comparing between the absorbance of the eluates from the first and second elutions. The elution ratio obtained was ca. 100% using 5 ml of acetonitrile. The collection ratios, the elution ratios and the recovery ratios were calculated for various antipyrine dyes formed from phenol, two cresols, three chlorophenols, two aminophenols, three methoxyphenols, 2,5-dimethylphenol, and 2,4-dichlorophenol according to the procedure. In addition, enrichment factors for various phenolic compounds were expressed as a product of the recovery ratios and decuple. Collection ratios of 96 -100% and elution ratios of 91 -100% were obtained, as listed in Table 1 .
Calibration curve and detection limit
The calibration curve obtained obeyed Beer's law in the range 0 -0.30 μg ml -1 . The precision of repeated tests (n = 4) was 1.7% for the phenol standard solution (0.10 μg ml -1 ), and the detection limit (n = 4) was 0.0011 μg ml -1 .
Application of the proposed method to water samples
The proposed method was applied to recovery tests using river water, waste water, and sewage water samples spiked with phenol. Phenolic compounds in sewage influent were also determined by the proposed method. A sewage-water sample was used after a distillation pretreatment. Good results with 92 -96% recovery ratios were obtained, as can be seen in Table 2 .
Conclusion
We developed a spectrophotometric method based on the formation of antipyrine dye and subsequent solid-phase extraction to determine various phenols in water. The procedure of the proposed method is simpler, and has higher sensitivity than previously described standard methods. This method reduces the amount of solvent, waste volumes, and harmful reagents produced. The precision of repeated tests (n = 4) was 1.7% for the phenol standard solution (0.10 μg ml -1 ), and the detection limit (n = 4) was 0.0011 μg ml -1 . Good results were obtained in recovery tests using river water, waste water, and sewage influent.
